Our primary objective was to examine the relationship between umbilical arterial gas analysis and decision-to-delivery interval for emergency cesareans performed for nonreassuring fetal status to determine if this would validate the 30-minute rule.
INTRODUCTION
The American College of Obstetricians and Gynecologists (ACOG) and the American Academy of Pediatrics (AAP) have issued guidelines that all hospitals offering labor and delivery services should be equipped to perform emergency cesarean delivery and should have the capability of beginning a cesarean within 30 minutes of the decision to operate. 1 The time required from decision-to-delivery has changed over time. In 1957, Halsey and Douglas 2 determined that their average time from decision to operation was about 43 minutes, with the shortest interval being 15 minutes and the longest 95 minutes. In 1968, Choates and Lund 3 reported that in 177 emergency cesarean deliveries, their median decision-to-delivery interval was 12 minutes. Even though a 1984 survey of 538 hospitals reported that all indicated an ability to perform an emergency cesarean delivery within 30 minutes, 4 it is unclear if this ''30-minute rule'' has any clinical validity.
Electronic fetal monitoring (EFM) was introduced in the late 1960s in the hope that it would allow for the early identification of the compromised fetus and decrease the incidence of long-term neurologic morbidity. Since its introduction, the incidence of cerebral palsy in term infants has remained unchanged, while the cesarean delivery rate has risen from 5% in the early 1960s to over 20% today. Umbilical arterial blood gas analysis is one method used to identify the fetus that may have sustained an acute intrapartum event severe enough to cause cerebral palsy. Both an umbilical arterial pH <7.0 5 and a base excess <À12 mmol/l 6 provide evidence of metabolic acidosis severe enough to lead to a significantly increased risk of long-term neurologic morbidity. pH represents the inverse log of the hydrogen ion concentration and does not change linearly with changes in hydrogen ion concentration or with the use of base. Ross and Gala 7 have stated that if one assumes that organ and cellular responses to hypoxia/ ischemia result in the accumulation of acid in a relatively linear proportion to the degree and duration of the insult, the logarithmic function pH has limited usefulness in the prediction of hypoxia timing, but that base excess, which is linear and falls before a change in pH is seen, is a potentially valuable index of the degree and duration of metabolic acidosis. The primary objective of this study is to examine the relationship between umbilical arterial gas analysis and decision-to-delivery interval for emergency cesarean deliveries performed for nonreassuring fetal status and determine if this relationship shows an improved outcome prior to 30 minutes that would validate the 30-minute rule. Our secondary objectives are to determine how well specialists in maternal-fetal medicine agree in their assessments of the fetal heart rate (FHR) tracings and how well EFM can identify a compromised fetus developing metabolic acidosis.
METHODS
We obtained permission from our university's institutional review board for conduction of this retrospective cohort study. All delivery records at a single tertiary university hospital from September 2001 to January 2003 were reviewed to identify all cesarean deliveries performed for nonreassuring fetal status. Nonvertex presentations, chromosomal abnormalities, congenital malformations, lack of an umbilical arterial gas, and those who were not monitored for at least 1 hour prior to delivery were excluded. It is the policy of our institution to obtain an umbilical arterial gas for every delivery. The obstetrical records were reviewed and a brief synopsis was made to summarize the obstetrical information that would have been available to the clinician prior to delivery. The electronic FHR tracing from the hour prior to delivery was obtained for each of these deliveries, and reviewed by three board-eligible or boardcertified maternal-fetal medicine specialists masked to neonatal outcome. The reviewers then graded each case as either emergent or urgent. An emergent cesarean delivery was defined as one where the reviewer wished to deliver the infant as quickly as possible. An urgent delivery was defined as one where the reviewer was willing to wait up to 30 minutes, if necessary for delivery. In the event of disagreement, the cases were classified in the group that two of the three reviewers favored. This classification scheme was used to approximate how the immediacy of the fetal condition affects, and the way in which the obstetrician and anesthesiologist decide on the most appropriate mode of anesthesia for emergency cesarean deliveries.
Our institution uses a computerized FHR monitoring system integrated with a centralized clock that saves the tracing along with other clinical information electronically. Once the physician made a decision to proceed with an emergency cesarean delivery, the patient was immediately taken off the monitor in the labor and delivery room and brought back to the operating room. The decision time was chosen as the time that the patient was taken off the monitor in the labor room. Any EFM in the operating room was also included and examined by the reviewers. The time of incision and delivery were determined from the same centralized clock as used for the EFM. The neonatal records were reviewed to obtain the umbilical arterial pH and base excess and any neonatal neurologic morbidity, such as periventricular leukomalacia (PVL), intraventricular hemorrhage (IVH), seizures, or neonatal mortality.
Data analysis was performed with STATA 7.0 (Stata Corporation, College Station, TX) using Fisher's exact test, Pearson's w 2 test, independent samples t-test, ANOVA and linear regression with p<0.05 being considered significant. Kappa correlation for interobserver reliability was calculated to measure the agreement between reviewers in assigning the patients to the emergent versus urgent groups. Kappa values can vary from À1 to þ 1, with À1 indicating perfect inverse correlation; 0 no correlation; and þ 1 perfect positive correlation. For this study, a kappa value <0.2 indicated poor agreement; 0.2 to 0.6 fair/moderate agreement; and >0.6 substantial agreement.
RESULTS
During the 16-month period of this study at our single tertiary university hospital, there were 2330 deliveries of which 615 (26.4%) were by cesarean. Of the 145 patients who underwent a cesarean delivery for nonreassuring fetal status, 117 were identified that met the entry criteria for our study. Of these 117 patients, 34 were classified as emergent and 83 as urgent. The kappa correlation for agreement between the three reviewers in classifying the cases as emergent versus urgent was 0.35, which shows only fair/moderate correlation; that is, the readers agreed with each other only 35% more than would have been expected from chance alone. Of these 117 cases, 10 (8.5%) had a scalp pH performed and 15 (12.8%) received tocolysis with subcutaneous terbutaline for intrauterine resuscitation prior to delivery.
General anesthesia was performed significantly more often in the emergent group, and epidural anesthesia was the most common form of anesthesia used in the urgent group (Table 1) . The decision-to-delivery time was almost 14 minutes shorter in the emergent group. The incidence of 1-and 5-minute Apgars <7 was not different between the emergent and urgent groups, but both the umbilical arterial pH and base excess were significantly worse in the emergent group, suggesting that we were able to identify a group of patients more at risk for metabolic acidosis and fetal compromise. Table 2 shows the outcomes classified by type of anesthesia. Decision-to-delivery interval for general anesthesia was almost 15 minutes shorter than spinal and 13 minutes shorter than epidural anesthesia (p ¼ 0.002). The epidural patients had functioning labor epidurals that were converted to surgical blocks while the spinal anesthetics were performed after the decision to operate was made. There was no difference in 1-minute Apgar <7 based on anesthesia type, but there was a significant increase in 5-minute Apgars <7 in those with general anesthesia. There was no statistical difference in umbilical arterial pH between the groups; however, the base excess was significantly worse in the general anesthesia group. Although the epidural group was delivered at a significantly later gestational age with a larger birth weight, this difference should have no effect on the umbilical arterial gas results. Linear regression was performed to see if there was a relation between decision-to-delivery interval and either umbilical arterial pH (Figure 1 ) or base excess (Figure 2) . A statistically significant correlation was found between increasing decision-to-delivery interval and marginally improved umbilical arterial pH (r ¼ 0.22, p ¼ 0.02), and base excess (r ¼ 0.33, p<0.001). Although statistically significant, these correlations were not clinically significant in predicting when the fetus would develop metabolic acidosis severe enough to increase the risk of long-term neurologic morbidity. Neither the logarithmic function pH nor the linear function base excess showed deterioration after 30 minutes for the neonate being delivered emergently or urgently for nonreassuring fetal status. Although we were able to classify 77% of the fetuses with severe metabolic acidosis as emergent, the fact that even after 30 minutes the vast majority of these fetuses being delivered emergently or urgently for nonreassuring fetal status had a normal umbilical arterial pH and base excess shows that EFM is not a very sensitive tool to identify the truly compromised fetus.
In this study, there were 13 infants (11%) with an umbilical arterial gas placing them at increased risk for long-term neurologic morbidity. There were eight infants with an umbilical arterial pH <7.0, of which six were classified as emergent and two as urgent (Table 1) . Of the eight infants with a cord pH <7.0, two were delivered by general anesthesia, two by spinal, and four by epidural (Table 2 ). There were nine infants born with a cord base excess <12 mmol/l, four of whom also had a cord pH <7.0. Of these, eight (88.9%) were classified in the emergent group, with three delivered by general anesthesia, one by spinal, and five by epidural. Of the 13 infants born with either an umbilical arterial pH <7.0 or a base excess <À12 mmol/l, the mean decision-to-delivery interval was 24.7±14.6 minutes (range 6 to 50 minutes), and three (23%) were classified as urgent. Since 10/13 of the infants with bad cord gases were classified as emergent and 80/104 of the infants with normal cord gases were classified as urgent, our ability to correctly identify a compromised fetus had a sensitivity of 77%, specificity of 77%, positive predictive value of 29%, and negative predictive value of 96%.
In this study, there were no cases of PVL or neonatal seizures, but there were seven cases of IVH, all occurring in premature infants born at 24.3 to 30.5 weeks gestation. The six surviving infants all had grade 1-2 IVH, which is not thought to increase the risk for long-term neurologic morbidity with 2/34 (5.9%) cases in the emergent group and 5/83 (6.0%) cases in the urgent group (Table 1 ). There was one neonatal death in an infant in the emergent group delivered at 24 2/7 weeks. This patient presented with placental abruption, fetal tachycardia, and decreased variability. The patient was delivered 13 minutes after the decision to proceed with cesarean was made. The umbilical arterial pH was 7.03, and the base excess was À14.7 mmol/l. The infant died 29 days after birth from complications of prematurity and sepsis.
DISCUSSION
The 30-minute rule is used to determine guidelines for emergency obstetrical procedures at every hospital in the United States providing labor and delivery services. This affects the decision where emergency personnel live so as to be available to initiate a cesarean delivery within 30 minutes of the decision to operate. However, this rule is a committee opinion, and not based on any clinical data. The ACOG and AAP guidelines state that ''in general, the consensus has been that hospitals should have the capability of beginning a cesarean delivery within 30 minutes of the decision to operate'' 1 and is given without references. They state that some indications for cesarean delivery can be appropriately accommodated in more than 30 minutes, and that others may mandate more expeditious delivery, 1 but it is not certain that the obstetrician is able to distinguish these differences prospectively. Our data suggest that there is only fair/moderate correlation between maternal-fetal medicine specialists in evaluating FHR tracings in terms of the immediacy of delivery. This is not trivial since severe metabolic acidosis and neurological morbidity also occurred in the urgent group.
When EFM was first introduced, it was suggested that the incidence of cerebral palsy, and even mental retardation, might be reduced as much as 50%. Such expectations were based on limited data drawn from trials with historical controls 9 or from nonrandomized studies in which intermittent auscultation performed in a nonstandardized mnner was used in the control groups. 10 After the widespread introduction of EFM randomized controlled trials, comparing EFM to intermittent auscultation in a standardized fashion showed a decrease in neonatal seizures, but failed to show any significant decrease in long-term neurologic morbidity. 11 One multicenter randomized clinical trial of 189 preterm infants even showed that the incidence of cerebral palsy was higher in the electronically monitored group as compared to the group monitored by auscultation (20 versus 8%, p<0.03) calling into question how well EFM identifies the truly compromised fetus. 12 A study of EFM in 75 term infants with cerebral palsy matched to 300 controls found that although there was a statistically significant increase in multiple late decelerations and decreased variability in those with cerebral palsy, the falsepositive rate for these fetal monitor findings was 99.8%. 13 As a result of the high false-positive rate of EFM, other techniques such as fetal scalp blood sampling, scalp stimulation, EKG, and pulse oximetry have been introduced in the hope that these would decrease the incidence of cesareans performed based on falsepositive information. As a result of the imprecision of our diagnosis of the truly compromised fetus, ACOG has requested that the term ''nonreassuring fetal status'' be used rather than ''fetal distress''. 14 They note that the term ''fetal distress'' had a low-positive predictive value even in high-risk populations and is often associated with an infant who is in good condition at birth as determined by the Apgar score and cord gas.
We found that although the majority of the most acidotic fetuses were delivered sooner, we still misclassified 23% of those with metabolic acidosis severe enough to be linked with neurologic moribidity as urgent rather than emergent. The fact that the linear regression line for cord pH and base excess versus decisionto-delivery interval is essentially flat with a statistically significant, but clinically insignificant, improvement with time calls into question whether these infants being delivered emergently for nonreassuring fetal status are indeed developing metabolic acidosis. In neither the emergent nor urgent group did umbilical arterial gas results deteriorate after 30 minutes. Our finding that only 11% of these infants undergoing emergency cesarean delivery for nonreassuring fetal status have an umbilical arterial gas that place them at increased risk for long-term neurologic morbidity agrees with a recent literature review on this topic and calls into question what the false-positive rate for the diagnosis of fetal compromise may be among these infants. 15 Our finding that delivery proceeds sooner with general as compared with spinal anesthesia has been found in other studies, some of which also found worse cord gases in those delivered with spinal anesthesia. Nonrandomized retrospective studies of patients undergoing elective cesarean delivery at term have found a statistically significant increase in umbilical arterial pH <7.19 16 and <7.10 17 in those receiving spinal anesthesia. The later study attributed the increase in acidosis in part to an increased umbilical arterial PaCO 2 due to maternal hypoventilation during regional anesthesia; however, there was also a higher incidence of maternal hypotension in patients receiving regional anesthesia. A prospective, randomized study of preeclamptic patients undergoing cesarean delivery for a nonreassuring FHR tracing found that spinal anesthesia was associated with a lower umbilical arterial pH and base excess. 18 The spinal anesthesia patients required more ephedrine, and the PaCO 2 was significantly lower, probably reflecting respiratory compensation in patients with metabolic acidosis.
Since we found delivery to take 15 minutes longer with spinal rather than general anesthesia, we wished to estimate how much umbilical arterial base excess would fall if spinal anesthesia had been used rather than general anesthesia. In reviewing the data on the rate of base loss in relation to fetal heart rate patterns, Ross and Gala suggest that fetal stress (e.g., repetitive typical severe variable decelerations that may or may not prompt intervention) reduces the buffer base by approximately 1 mmol/l per 30 minutes; subacute fetal compromise may reduce the buffer base by 1 mmol/l per 6 to 15 minutes; and that acute, severe compromise (e.g., terminal bradycardia) may reduce the buffer base by as much as 1 mmol/l per 2 to 3 minutes. 7 Of the 21 patients delivered by general anesthesia in our study, three already had a base excess <À12 mmol/l. Of the 18 remaining patients, we wished to estimate the outcome of an additional 15-minute delay. For conditions of fetal stress during this 15-minute interval, the base excess would fall 0.5 mmol/l, and there would be no additional cases with a base excess <À12 mmol/l. If there was subacute fetal compromise, the base excess would fall 1 to 2.5 mmol/l, and there would have been a single additional case with a base excess <À12 mmol/l. If acute severe fetal compromise had been present during this 15-minute interval, the base excess would have fallen 5 to 7.5 mmol/l, and there would have been an additional 11/18 (61%) cases with a base excess <À12 mmol/l.
Acid accumulation occurs linearly with time at a rate determined by the degree of fetal stress. 7 Assuming that a preterm infant has an average umbilical arterial base excess of À2.5 mmol/l at delivery 8 and that a base excess of less than À12 mmol/l is associated with a significantly increased risk of long-term neurologic morbidity, then under conditions of acute severe fetal compromise where the base excess drops 1 mmol/l per 2 to 3 minutes, the fetus would be in the danger range after 19 to 29 minutes. This correlates with a study of parturients who developed uterine rupture while undergoing labor after a prior cesarean and it was found that perinatal morbidity was avoided if delivery was accomplished within 17 minutes of the onset of a prolonged deceleration if preceded by a normal reassuring tracing. 19 In conclusion, our study shows that we are able to identify the majority of fetuses with metabolic acidosis severe enough to be linked with an increased risk of neurologic complications and deliver them rapidly, well within 30 minutes. There is a statistically significant improvement in umbilical arterial pH and base excess with increasing decision-to-delivery interval, which does not validate the 30-minute rule because of the imprecision of our ability to identify the truly compromised fetus and the rarity with which severe metabolic acidosis occurs with nonreassuring EFM. For most fetuses delivered emergently for nonreassuring fetal status there is no evidence that they are indeed developing metabolic acidosis. Even though significantly more infants with cord gases placing them at increased risk for long-term neurologic morbidity were identified as emergent rather than urgent, we still could not identify 23% of these cases demonstrating the poor sensitivity of FHR assessment of fetal status. There is only fair/moderate correlation between maternal-fetal medicine specialists in evaluating the urgency of delivery required by the FHR tracing, and it appears that EFM may produce a great number of false-positive findings that may lead to the emergent delivery of fetuses that are not developing a clinically significant metabolic acidosis. General anesthesia is considerably faster than either spinal or epidural anesthesia and may confer advantage to the fetus developing a severe metabolic acidosis. Even though we found general anesthesia to be 15 minutes faster than spinal anesthesia, it is well established that general anesthesia poses greater maternal risks, 20 and the benefits of obtaining anesthesia sooner versus the risk of a maternal complication must be determined by the obstetrician and anesthesiologist working together in each individual case. All the above findings should be confirmed in prospective studies.
